The pK a of a series of substituted acridines was confirmed by uv-vis spectroscopy A quantitative structure activity relationship (QSAR) between the semi-empirical (AMI) calculated enthalpy of protonation and the pK a of the acndine was developed.
Since many of the reported pK a values for substituted acridines have been measured in 50% ethanol or 20% DMSO solution, a series of 9-substituted acridines were prepared in the laboratory and their pK a 's determined in aqueous solution. The pK a of each compound at room temperature (25 °C ± 0.5 °C) was obtained by spectroscopic analysis in phosphate buffered solutions that spanned the pH scale (Table I ). Further examination of these compounds was accomplished using the SPARTAN computational analysis package. Semi-empirical (AMI) calculations of the enthalpy of protonation, ΔΗ™, (in Kcal/mol), showed a strong correlation with the Hammett shown below. While the fit to the data was good, R 2 > 0.9, with Hammett's σ ρ value, the linearity of the relationship was dramatically improved with the use of the σ ρ + value. Not surprisingly, this indicates that the ability of a substitent to stabilize the protonated product plays a large role in the resulting pKa of the acridine. The large negative slope of the correlation indicates that electron-withdrawing substituents have a rather marked effect on the pK a of the acridine.
Electron-donating substituents are indicated to be the best choice for an acridine that would be protonated at physiological pH (pH 7.3). This QSAR agrees well with the previously published 8 Literature values for pK, in 20% DMSO are taken from reference 12 and adjusted to aqueous solution. "Calculated using equation from reference 12.
For example, calculation of the pK a for a series of 9-substituted acndines is shown in Table II . As observed, the 9-(ammomethyl)acndines have a pK a less than 7.3 and are not protonated at physiological pH. Conversely, the substituted 9-aminoacridines have pK a values indicating complete protonation under physiological conditions The QSAR equation also allows the calculation of pK a for molecules that are unstable or do not exist in aqueous solution 9-Hydroxyacridine, which exists in aqueous solution as the tautomer 9-acridanone, was calculated to have a pK a of 7 84
This contrasts markedly to the experimentally determined pK a for 9-acridanone, -0.32. 10 In another example, 9-chloroacrii^ine has been shown to undergo rapid hydrolysis to 9-acridone in aqueous solution 13 The rate of hydrolysis is increased dramatically under slightly acidic conditions. Measurement of the pK a for 9-chloroacndine in aqueous solution is then difficult to perform. However, by semi-empincal calculations of the enthalpy of protonation, its pK a can be determined. Calculation of its pK a , 4.26, indicates that it is only marginallv protonated at physiological pH.
Conclusion. 9-Substituted acridmes can exhibit intercalative binding with genomic DNA. The requirements of intercalation are such that the acridinc must be capable of being protonated at physiological pH. Strong electron-donating substituents are required to increase the pK* of the acndme and enhance its basicity. The pK a 's of any 9-substituted acridine can be estimated by conducting semi-empirical (AMI) calculations. These calculations can also be used to confirm the value of Hammett values for substituents on the acridine ring system.
Experimental Acridine and 9-aminoacridine were obtained commercially and used after chromatographic purification. Flash chromatography of all materials was performed on silica gel (70-230 mesh) with freshly distilled solvents by the method of Still. 14 The method of Bemthsen 15 was used to prepare 9-methylacridine, 9-ethylacridine, and 9-phenylacndine. 9-Acridine carboxaldehyde was prepared as described previously. 16 For spectroscopic determination of pK a a series of phosphate buffers covering the pH range of 2 to 10 were prepared. A known mass of substituted acridine was then added to each buffer and its concentration determined. Then, uv-vis spectra were obtained of each solution. To determine the pK a , thg absorbance (normalized for concentration) at a particular wavelength showing maximal deflection throughout the series of spectra was plotted versus pH. The resulting sigmoidal curve was analyzed to determine the pH at which the absorbance was changing most rapidly. This point corresponded to the pK a value for the compound.
